Introduction
Soil degradation is a common problem threatens the productivity and soil fertility. The management of forest resources is not well managed and suffers from several weaknesses such as unregulated use, over-use and inadequate protection. Consequently, degradation and deforestation occur due to fire, soil erosion, overgrazing, mining activities, improper commercial logging, and illegal collection of wood for use as construction materials or fuel.
This has led to the emergence of desertification -the degradation of land due to the loss of soil nutrients and moisture, vegetation reduction, salinization, and accelerated wind and water erosion (Sarkar et al., 2011) - as a global problem adversely affecting the environment.
The increase of the jellyfish population in the world's oceans has become a remarkable pattern worldwide. The excessive growth of jellyfish swarms has negatively impacted the environment, striking a damning blow to the fishers and the marine food chain and depleting the oxygen in the seawaters. Intensive researches are needed to figure out the applicable technology for restoring the ecological balance and for controlling the excessive growth of jellyfish. To control the negative effects of harmful jellyfish species, they can be used for producing biofertilizers as a green technology. Fukushi et al. (2004) investigated the potential benefit of jellyfish as a fertilizer for the growth of vegetables. The objectives of this study were(i) to investigate the feasibility of using jellyfish as a fertilizer; (ii) to assess the effect of the applied jellyfish fertilizer on seedling growth and on the soil's chemical properties; and (iii) to determine the optimum application rate of jellyfish fertilizer for enhancing seedling growth.
2．Materials and Method
A five months greenhouse experiment was carried out at Kutan, Chuncheon, South Korea using two trees species:
Pinus densiflora Seib.et Zucc and Quercus acutissima Carr. In spring 2011, P.densiflora and Q.acutissima were selected for this study.
The experiment design was a completely randomized block with ten replications. Planting was done manually on April 8, 2011, and jellyfish fertilizer was mixed with 18 kg soil with at different application rates (1.6, 2.7, 5.5, and 11.1 g/kg). Tap water was applied two times a week throughout the experiment period. The seedlings' height and stem diameter were measured two times a month using a digital meter and a caliper. The stem diameter growth of the seedlings was measured at 2 cm from the soil surface. The soil moisture contents were determined using a soil moisture meter (model: PMS-714). The soil moisture probe was placed at a 10 cm depth in the planting hole.
The soil reaction (pH) and electrical conductivity (EC)
were determined in 1:2.5 soil to water suspensions (Jones, 2001 ). The total organic-carbon contents were determined using the Welkley-Black method (Nelson and Sommers, 1996) . The available N-NO3 -was extracted using 2M KCL, and was measured using a spectrophotometer, according to the method proposed by Doane and Horwath (2003) .
The available phosphorous was measured using chlorostannous acid (Kuo, 1996) .
Potassium (K + ) was extracted with ammonium acetate and was measured using a flame photometer (Barghouthi et al., 2012) . As for the available chloride (Cl-), it was measured by titration. showed that there were no significant differences between the jellyfish fertilizer treatments in terms of seedling height. The addition of jellyfish fertilizer slightly increased the growth parameters of both P.densiflora and Q.acutissima, however, especially for the 5.5 g/kg treatment.
There were no significant differences in stem diameter among the applied jellyfish fertilizer treatments (Fig.2) . In the 11.1 g/kg treatment, both seedlings' average stem diameter growth was lowest.
3.2 Seedling survival rates On September 15, the survival rates were 100, 80, 70, and 60 % (P.densiflora) and 90, 80, 70, and 50 % (Q.acutissima) at the 2.5, 5.5, and 11.1 g/kg jellyfish fertilizer treatments.
Due to the high Cl value of the jellyfishfertilizer, the seedling survival rates were lower than that of the control.
3.3 Effect of jellyfish fertilizer on soil moisture Fig.4 shows the effect of the applied jellyfish fertilizer on the soil moisture contents. Clearly, the addition of jellyfish fertilizer increased the soil moisture contents.
The soil moisture contents were 1.3, 1.4, 1.6, and 1.7 fold greater than the control treatment for P.densiflora and were 1.3, 1.4, 1.7, and 2.0 fold greater than the control treatment for Q.acutissima. The analysis of jellyfish fertilizer showed that it consists of 81.29 % organic matter, and it is well known that the addition of organic matter to soil usually increases the The pH values decreased to 4.2 and 4.4 for P.densiflora and Q.acutissima, respectively. Therefore, the decrease in soil pH could have decreased the survival rates of the study plants. An extreme soil pH of <4.5 can make some nutrients toxic and can directly affect the plant tissues (Londo et al., 2006) .
The application of jellyfish fertilizer to the soil increased the EC of the treated soil. The maximum EC values were recorded at the highest application rate (11.1 g/kg), within the average values of 2.2 and 1.3 for P.densiflora and Q.acutissima, respectively. The analysis of jellyfish fertilizer showed that it consisted of 81.29 % OM; consequently, the addition of jellyfish fertilizer increased the soil's organic-matter contents. For the available nutrients N, P, and K, Table 1 shows that the addition of jellyfish fertilizer slightly increased the contents of NO3 and K2O. The available potassium showed a similar trend: the addition of jellyfish fertilizer slightly increased its contents, and the highest contents were recorded at the highest jellyfish fertilizer application rate (11.1 g/kg).
Unlike NO3 and K2O, phosphorus, in terms of P2O5, showed a different trend, and the increment graduation was more clearly comparable to those of NO3 and K2O. The nutrient contents of the jellyfish were 0.82 % P2O5, 0.019 % K2O, and 11.98 % N. Therefore, jellyfish can be used as a fertilizer for supplying nutrients and organic matter to the soil.
Conclusion
Jellyfish fertilizer research has focused on the sustainable use of natural resources through recycling.
This study demonstrated the potential benefit of jellyfish as a fertilizer, and the negative impacts of its high application rates. The study results showed that the low application rate of jellyfish fertilizer (1.6 g/kg) could increase the soil moisture and nutrient contents, consequently enhancing the seedling growth.
On the other hand, the high application rates of jellyfish fertilizer (2.7, 5.5, and 11.1 g/kg) were shown to be lethal for seedling. The negative effect of jellyfish fertilizer application can be attributed to the direct effect of jellyfish on the soil pH and to the increase in the available Clcontents. It is recommended that jellyfish fertilizer can be used while adding liming material, to overcome jellyfish's acidic physiological effect.
Furthermore, additional studies are needed to investigate the pretreatment of jellyfish, such as washing to decrease the Cl -content.
